We present seven newly discovered non-eclipsing short-period binary systems with low-mass companions, identified by the recently introduced BEER algorithm, applied to the publicly available 138-day photometric light curves ob- 
Introduction
In a recent paper Faigler & Mazeh (2011) presented a new way to discover short-period non-eclipsing binaries with low-mass companions by using highly precise photometric light curves obtained by space missions, like CoRoT and Kepler (Rouan et al. 1998; Baglin et al. 2006; Borucki et al. 2010) . The algorithm, BEER, based on an idea suggested by Loeb & Gaudi (2003) and Zucker, Mazeh & Alexander (2007) , searches for the beaming effect, sometimes called Doppler boosting, induced by stellar radial motion. This effect causes an increase (decrease) of the brightness of any light source approaching (receding from) the observer (Rybicki & Lightman 1979) , on the order of 4v r /c, where v r is the radial velocity of the source, and c is the velocity of light. Therefore, periodic modulation of the stellar velocity due to a companion in a binary orbit will produce a corresponding periodic beaming modulation of the stellar photometry. variability in particular (Aigrain, Favata & Gilmore 2004) .
The BEER detection algorithm (Faigler & Mazeh 2011) , therefore, searches for stars that show in their light curves a combination of the BEaming effect with two other effects induced by the presumed companion -the Ellipsoidal and the Reflection modulation.
The ellipsoidal variation (Morris 1985 ) is due to the tidal distortion of each component by the gravity of its companion (see a review by Mazeh (2008) ), while the reflection/heating variation (referred to herein as the reflection modulation) is induced by the luminosity of each component that falls only on the close side of its companion (Vaz 1985 ; Wilson Table 1 lists for each of the seven stars its coordinates, the stellar properties estimates from the Kepler Input Catalog (Brown et al. 2011) , the photometric periods and amplitudes of the three effects found by the BEER algorithm, and the r.m.s. of the data before and after subtraction of the BEER model.
We order the stars according to the detected RV amplitude, presented in the next section. Figure 1 presents the 'cleaned' (Mazeh & Faigler 2010; Faigler & Mazeh 2011) photometric data of the seven detections, Figure 2 presents the BEER periodograms for the detections, and Figure 3 shows the light curves folded with the detected period. In fact, the -6 -quality of the Kepler data is so high that the periodic modulation can be seen directly from the cleaned data, plotted in Figure 1 , even without consulting the BEER periodogram.
It is interesting to compare the shape of the BEER modulation of the seven candidates, presented in Fig 3. In six of them the two peaks, at phase of 0.25 and 0.75, are similar, although the latter is somewhat smaller, due to the beaming effect (Faigler & Mazeh 2011 ).
In one case, K08016222, the second peak completely disappeared, because in this case the beaming amplitude is more than three times higher than that of the ellipsoidal, while for the rest of the candidates, the ellipsoidal amplitude is significantly higher then the beaming amplitude. This is a clear result of the long orbital period and small stellar radius of this system, relative to the other systems, since the ellipsoidal amplitude to beaming amplitude ratio is proportional to R to 910 nm. Exposures of a Thorium-Argon hollow-cathode lamp immediately before and after each exposure were used for wavelength calibration. The spectra were extracted and rectified to intensity vs. wavelength using standard procedures developed by Lars Buchhave (Buchhave et al. 2010) .
To derive precise relative radial velocities, we performed a cross-correlation between each observed spectrum and a template spectrum constructed by shifting and co-adding all the observed spectra. In addition to the template constructed by shifting and co-adding all the observed spectra, we also tried using the strongest individual exposure of each object as the observed template. The two approaches gave essentially indistinguishable results, with slightly better residuals from the orbital fits for the shifted and co-added template.
We also derived absolute velocities using the library of synthetic templates and found the same orbits, although with somewhat larger residuals.
We did not include spectral orders that were significantly contaminated by telluric lines from the Earth's atmosphere, nor did we include the bluest orders with the lowest signal-to-noise ratio and a few red orders with known problems. The error of each relative velocity was estimated using the standard deviation of the velocities from the 21 individual orders, but the velocities themselves were derived by first co-adding the correlation functions from the 21 orders, to get a natural weighting of the contribution from each order.
Using the shifted and co-added template can distort the cross-correlation peak because the noise in each spectrum correlates with the same noise that is still present in the averaged template, and therefore can lead to underestimated uncertainties of the velocities.
To correct this effect we later inflated the uncertainties of the orbital elements (see χ 2 red discussion below).
We used a library of synthetic spectra, calculated by John Laird for a grid of Kurucz model atmospheres, using a line list developed by Jon Morse (Carney et al. 1987; Latham et al. 2002) , to estimate values for the effective temperature, surface gravity, metallicity, and rotational velocity of the seven primaries. This was done by cross-correlating each coadded observed template spectrum against a grid of synthetic templates surrounding the one that gave the best correlation. Our library of synthetic spectra has a spacing of 250 K in effective temperature, T eff ; 0.5 in log surface gravity, log g; 0.5 in the log of the metallicity compared to the sun, [m/H]; and has a progressive spacing for rotational velocity, v rot . Because the grid is coarse, we used the correlation peak heights to interpolate between grid points, arriving at a more precise classification. Three TRES spectral orders overlap with the synthetic spectra, so we performed this cross-correlation and interpolation in each order. The mean values, weighted by the cross-correlation peak height in each order, and RMS errors are reported in The relative velocities were adjusted by a constant offset to a system of absolute velocities using observations of the nearby IAU Radial Velocity Standard Star HD 182488, whose absolute velocity was assumed to be −21.508 km s −1 . This adjustment utilized our library of synthetic templates, from which we picked the synthetic template that gave the best match to the observations of each star in the spectral order centered on the Mg b feature near 518 nm. This approach should avoid the problem of possible template mis-match between the various target stars and HD 182488. The uncertainty in the zero point of our absolute velocities is probably limited by the uncertainty in the absolute velocity of HD 182488, which could be as large as 100 m s −1 . Table 3 When the orbit is circular, the epoch reported is T max , the time of maximum velocity, and when the orbit is eccentric, we report T peri , the time of periastron passage. In six of with the period found, and Table 4 lists the derived orbital elements. The table also lists χ 2 red , the reduced χ 2 of the model, and the time span of the observations. For two binaries the derived χ 2 red value is close to unity, as expected, but for the others its value is relatively large. This could indicate either that for those binaries our radial-velocity uncertainties are underestimated, or that our radial-velocity model is too simple, due to some stellar noise, for example. In order to get more realistic uncertainties for the model elements, we inflated the parameter uncertainties of each target by its χ 2 red , which is equivalent to inflating the RV errors of that star by the same factor. The resulting orbital model elements uncertainties are listed in Table 4 . Table 5 lists for each of the seven newly discovered binaries the period derived from the photometry, the calculated α beam , and the expected RV semi-amplitude, K beam , derived from α beam and the photometric beaming amplitude. The α beam factor includes one component that originates from the fact that the stellar spectrum is Doppler shifted relative to the observed band. To estimate this factor for each of the seven detected binaries we numerically shifted spectra from the library of Castelli & Kurucz (2004) with the photometric period, indicating that the orbital period was reliably derived by the BEER algorithm, solely from the photometric data.
Results
In six of the binaries the eccentricity was too small to be derived significantly, so we assumed circular orbits. Because these are short-period stellar binaries, the expected circularization timescale is short, so finding in most cases that e = 0 is consistent with our expectations. For K08016222 we find e = 0.0439 ± 0.0022. Interestingly, this is the binary with the longest period, so its lifetime might have been too short to achieve circularization (Mathieu & Mazeh 1988 ).
Out of the seven binaries, the measured RV amplitudes of five cases were consistent with those predicted by the photometric analysis. For the other two stars, K08016222 and K06370196, the predicted amplitudes were 24% smaller than the observed ones. This could be due to underestimation of the photometric amplitude. Another possible explanation may be an inaccurate translation of the photometric amplitude to the expected RV amplitude, which depends on the assumed stellar spectral type. We need more confirmed binaries to understand this effect.
Discussion
The RV observations presented here demonstrate the ability of the BEER algorithm to discover short-period binaries with minimum secondaries mass in the range of 0.07-0.4 M ⊙ in the publicly available Kepler data.
The original goal of the Kepler and CoRoT missions was to search for transiting planets. Such projects are limited to planets with orbital inclinations close to 90
• . The serendipitous discoveries of eclipsing binaries in the Kepler photometry (Prša et al. 2011) are suffering from the same limitation. The BEER algorithm, on the other hand, is searching for non-transiting companions, and therefore can detect many more systems with much lower inclination angles. Searching with BEER is effectively equivalent to performing an RV survey that is not limited to nearly face-on inclinations. Applying the BEER algorithm to the hundreds of thousands of already available light curves of Kepler and
CoRoT is like performing an RV survey of a huge sample that is composed of these stars.
Therefore, we expect BEER to discover many hundreds of new binaries with short periods. Furthermore, whereas in RV studies the actual mass of the companion depends on the unknown inclination angle, detecting both the ellipsoidal and the beaming effects will enable BEER to derive, or at least estimate, the mass of the small companion in certain cases. As pointed out by Faigler & Mazeh (2011) , this can become possible because the two effects have different dependencies on the orbital inclination, and therefore the derived ratio of the amplitudes of the two effects can, in principle, remove the degeneracy between the secondary mass and the inclination.
Obviously, at this stage of the BEER search, detecting a candidate is not enoughthe candidates have to be confirmed by follow-up RV observations. However, when we accumulate enough observations we will be able to estimate the false alarm probability, which might be a function of the amplitude of the photometric modulation and the stellar mass, radius and temperature. Therefore, we will be able to derive the statistical features of the short-period binaries without confirming each detection with RV observations.
The seven cases presented here were based on the Kepler Q0-Q2 data. Faigler & Mazeh (2011) suggested that once the full Kepler dataset is available, we should be able to detect brown-dwarf secondaries and even massive planets. Moreover, the other stellar modulations that contribute now to the false alarm frequency are not expected to be so stable on time scales of years, whereas the three BEER effects are strictly periodic and stable. Therefore, we expect the false alarm frequency to decrease when we have access to longer data sets.
